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Preliminary Cd/KOH/NiOOH c e l l  tests have ver i f ied  tha t  bellows 

act ion i n  a sealed ce l l  can be used t o  flood the p la tes  under low 

pressure conditions t o  maximize discharge capacity and t o  drain the 

p la tes  under high pressure overcharge conditions t o  a id  i n  gas 

r e  comb i n a t  ion. 

A prime problem area is  shown t o  be the low r a t e  of recombination 

of O2 gas a t  the negative Cd p la tes  which remain much too w e t  after 

simple drainage of e lectrolyte  from the cel l  pack in to  the space 

offered by the contracting bellows device. 

A survey of commercially available metal bellows revealed t h a t  

the  r a t i o  (AVA7) of the volume change (AV) between conditions of 

maximum extension (lowest pressure) and maximum contraction (highest 

pressure) t o  the rectangular volume (V) required f o r  i n s t a l l a t ion  i n  

a sealed c e l l  does not now exceed 0.4. 

in f la ted  with a i r ,  and sealed within the ce l l  are proposed as bellows 

substi tutes.  

P l a s t i c  pillows, p a r t i a l l y  

The pillow A V / V  value is  approximately twice the  

present bellows volume efficiency. 
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1. Introduction and Scope. - 
The Electr ic  Storage Battery Company, Missile Battery Division, 

Raleigh, N. C. was awarded a contract 1 0  June 1964 by the National 

Aeronautics and Space Administration, Goddard Space Flight Center, 

Greenbelt, Maryland, t o  investigate the f eas ib i l i t y  of controll ing 

electrolyte  levels  i n  cycling sealed Cd/KOH/MiOOH, Cd/KON/AgO, and 

ZnflKoH/AgO ce l l s  w i t h  a bellows assembly instal led i n  each cel l ,  

purpose of the automatic electrolyte leve l  control feature i n  each ce l l  

The 

is t o  create a desirably high electrolyte  level  for discharging c e l l s  

i n  a flooded element condition and a desirably low electrolyte leve l  for 

overcharging i n  a starved electrolyte condition t o  maximize both dis- 

charge capacity and overcharge gas recombination rates.  

Previous experimental data has shown tha t  "starved electrolyte" 

conditions i n  a sealed ce l l ,  whi le  idea l  for t h e  recombination of gases 

generated during overcharge, lead t o  capaci'ty losses a t  high rates of 

discharge up to 50% of the discharge capacity obtained under flooded 

element conditions, 

specif ies  the following investigations: (1) The contract 

Task 1 - Feasibi l i ty  of  a B e l l o w s  Controlled Electrolyte 

Level  in Sealed Cd/MDH/NiOOH Cells. 

Task 2 - Feasibi l i ty  of a Bellows Controlled Electrolyte 

Level i n  Sealed Cd/KOWAgO and Zn/KOWAgO Cells, 

Task 3 - Feasibi l i ty  of a Charge Cutoff  Switch Actuated by 

a Bellows Within a Sealed CdASOWNiOOH or 

Cd/KOH/AgO C e l l .  
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... - 

Task 4 - Production of Sealed C d / x O W ~  Cells 

Incorporating an Optimized B e l l o w s  Design, 

During the f i r s t  quarter,  preliminary c e l l  tests on Cd/KOH/NiOOH 

ce l l s  and Cd/KOH&O cells have been completed to determine the c r i t i c a l  

bellows performance characterist ics,  and a survey of commercially 

available bellows, or substi tutes,  has been made, 

2. Work Accomplished DurinF F i r s t  Quarter. - 
2.1 Feasibi l i ty  Study of Electrolyte Level Controlled By Bellows 

i n  a Sealed Cd/KO"NiOOH Cell, - 
(2) 2.1.1 Literature Survey, - U.S. Patent 2,131,592 awarded 27 

September 1938 t o  Lange, Langguth, Breuning, and Dassler describes the 

basic idea fo r  incorporating an expansion chamber i n  lead acid ba t te r ies  

and in alkaline nickel cadmium bat ter ies  to lower electrolyte  levels 

during open-circuit stand and during discharge by accumulating gas pressure 

to accelerate the recombination of gases i n  sealed ce l l s ,  The various 

types of expansion chambers described i n  t h i s  patent consisted of  a i r  

compartments adjacent t o  or surrounding the principle c e l l  cavity, a 

sealed bellows within an a i r  compartment, a piston actuated by a spring 

and trapped air, and an a i r  compartment containing a closed cell rubber 

sponge. 

and provided vent plugs for venting the c e l l  compartment t o  the atmosphere 

Each system w a s  dependent upon operation i n  an upright orientation 

during charge to  restore the electrolyte leve l  t o  the or iginal  one atmos- 

phere level. 

to P,A. C, Jacquier, describes variations of  e lectrolyte  expansion chambers , 
some of w h i c h  provide gas chambers reached only by diffusion through a 

porous cathode barrier.  

- 

Similarly, U. S. Patent 2,614,138 (3)awarded 14 October 1952 
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No application of the bellows i n  a permanently sealed c e l l  was found 

i n  t h e  l i t e r a t u r e  survey. i 
I 

2.1.2 Conferences During The Quarter, - 
2,1.2.1 F i r s t  Conference, June 4, 1964* - Mr.  To Hennigan (NASA, GSFC) 

met with WD representatives A. PI. Chreitzberg and F. S. Cushing a t  Raleigh, 

North Carolina t o  coordinate the planning of c e l l  tests on the contract. 
~ 

2.L2.2 Second Conference, Septeniber 9,  1964. - Mr. KO Sizemore @&3A, 

I GSFC) met with MBD representatives A. M. Chreitzberg and F. S. Cushing a t  

Raleigh, North Carolina t o  discuss contract progress. 

2.1.3 Preliminary C e l l  Tests. - !Two 4 AH sintered p l a t e  Ni-Cd c e l l s  

were employed t o  observe the e f fec t  o f  e lectrolyte  level  on discharge per- 

formance required of a bellows t o  drop the electrolyte  leve l  from the flooded 

condition t o  the "electrolyte stamred" condition. 

~ 

It was agreed a t  the 

I 
conference of June 4, 1964, t o  t e s t  t h e  cells under the  following conditions: 

I I 

I 

l 

a. Electrolyte levels of f u l l ,  2/3 f u l l ,  1/3 full ,  and drained. 

b. Discharge capacity t e s t  a t  a discharge r a t e  of C/2 12.0 

amps) t o  a 1.00 volts  per c e l l  voltage cutoff, 

c, Charge t o  1WA of rated capacity (4- 0 AH), or a maximum 
I 

c e l l  pressure of 50 psig. 

Charge and overcharge t o  be a constant current of C/lO d. 

10.40) amps. 

Table I lists the experimental r e s u l t s  obtained during 1 2  test  cycles 

on each of the two cells.  The t w o  cel ls  contained elements assembled i n  

1962. One c e l l  w a s  stored sealed and dry while the other was activated,  

cycled 2 t o  3 f u l l  cycles, and then stored wet discharged f o r  two years. 

The order of the t e s t s  i n  Table I was randomized t o  elimin.a.te any ef fec t  
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of the pri.or history. 

n0 capacity increase was found when the electrolyte  leve l  w a s  raised from 

f u l l y  drained to  flooded levels. 

Under the conditions of these preliminary t e s t s ,  

The fa i lure  t o  f ind an electrolyte leve l  e f fec t  on capacity is 

at t r ibuted t o  having the discharge r a t e  too l o w  fo r  t e s t s  a t  morn tempera- 

tu re  and t o  having too much electrolyte even i n  the cells representing 

a f u l l y  drained condition. 

of 31% KOH electrolyte  observed a f t e r  simple draining operations to  t h e  

desired equilibrium levels. In the forced drain condition the c e l l  w a s  

over-discharged and gassed t o  force more electrolyte  o u t  of the c e l l  ele- 

ment assembly. 

residual e lectrolyte  available for flow in to  a bellows cavity, the electro- 

l y t e  volume did not l i m i t  c e l l  performance under the t e s t  conditions, 

Table I lists the measured electrolyte  weights 

Even i n  the forced drain condition, with l i t t l e  or no 

2.1.4 Selection of Separator System. - It seem clear tha t  for  

bellows controlled electrolyte  level operation, a separator should be 

selected t o  have the following characterist ics:  

a. 

b. 

C. 

Retention of suff ic ient  e lectrolyte ,  when fu l ly  

drained, t o  permit the necessary ra tes  of ionic  and 

gas t ransfer  fo r  normal discharge ra tes  and fo r  rapid 

oxygen recombination a t  the negative plate,  

Capability f o r  rapid drainage ra tes  for  prompt 

establishment o f  recombination reactions at the  

in i t i a t ion  of overcharge; and, 

Resistance t o  chemical attack by caustic and dissolved 

oxidants i n  the ce l l  and maintenance of desirable 

pfaysiccd properties during cycle l i f e ,  
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It would be d e s i r d d e  t o  select  an absorber material with low 

absorbency and l o w  wicking capacity such as  a coarse weave nylon t o  

promote drainage. 

smooth monofilament p l a s t i c  strands ver t ica l ly  against  the posit ive plates  

t o  form intermittent pa ra l l e l  drain channels beneath a surrounding 

p a r t i a l l y  wetted absorbent material, 

screening or  diamond hole nett ing a re  a l so  worthy of consideration. 

work a t  MBB created a need t o  evaluate t h e  wicking capabi l i t ies  of 

commercially available separator system absorbers. 

consisted of a 1.0" wide x 10" long s t r i p  of the absorber hung dry ver- 

t i c a l l y  above and dipping into a shallow dish of battery electrolyte.  

capi l lary rise of e lectrolyte  i n  the s t r i p  of absorber against  opposing 

gravitational force w a s  observed versus time,-- Table I1 contrasts the 

re la t ive  wicking capabi l i t ies  and absorbency of common separator materials. 

Table I11 contrasts re la t ive  drainage ra tes  i n  simple drain t e s t s  a t  "1" g. 

An a l te rna te  approach would be t o  wind small diameter 

Simple l a t t i c e  work spacers such as 

P r i o r  

The t e s t  devised 

The 

Filaments improve ra tes  of drainage of "free" e lectrolyte  but do not 

reduce the amwnt of l iquid retained by Pormax and nylon cloth. 

would, however, provide flow channels fo r  f r ee  e lectrolyte  expelled by 

gassing forces in an overcharging element. 

Filaments 

Screening and net materials a l l o w  re la t ive ly  high degrees of drainage 

i n  a short  period, and surprisingly show l iquid retention values per square 

inch a f t e r  two minutes drain comparable t o  Pormax and nylon cloth. Proper 

selection of separator materials w i l l  be f ac i l i t a t ed  by use of standard 
14) (5) ( 6 )  

screening methods and previous evaluation programs, 

2-1.5 Survey of Commcial Bellows. - Eleven companies advertising 
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commercially available metal and p l a s t i c  bellows were contacted fo r  

engineering information on bellows characterist ics.  

the volume '67 required t o  i n s t a l l  such bellows i n  6 AH Ni-Cd c e l l  soon 

showed tha t  the volume occupied by a bellows assembly might exceed the 

volume occupied by the c e l l  un le s s  exceptionally e f f ic ien t  bellows 

nesting designs w e r e  used, 

extended volume l e s s  fu l ly  nested volume) of 20 cc for  a c e l l  i n t e r n a l  

pressure change + A P  [max imum pressure during overcharge l e s s  minimum 

pressure a f t e r  discharge), characterist ic values of AVAT were calculated 

for  the opthum bellows designs. So f a r  the best  range ofAVA found f o r  

commercially available bellows i s  0.3 t o  0.4, or an ins ta l la t ion  volume 

range (for a AV = 20 cc) of 50 t o  67 cc t o  be added t o  the proposed 

6.0 AH normal t e s t  c e l l  volume of 127 cc. 

Calculations of 

Assuming a bellows volume change -AV (fully 

Table bv summarizes the physical characterist ics of the optimum 

bellows designs found t o  date,  of one typically ineff ic ient  design and 

l ists  the  calculated AVA7 constants. 

methods f o r  the ins ta l la t ion  of bellows or bellows subst i tutes  i n  a sealed 

cel l ,  

actuation during overcharge h.igh pressure and a f t e r  discharge l o w  pressure 

conditions, Figure 1C shows t h e  s i m i l a r i t y  t o  a bellows of an air chamber 

vented t o  the c e l l  cavity. 

sealed, pa r t i a l ly  inf la ted p l a s t i c  pillows. 

essent ia l ly  the same fashion and are dependent upon high gas pressures 

a t  the end of  overcharge lowering electrolyte  levels  by compressing a i r  

i n  some form of entrapment; i.e, bellows, pillow, or a i r  chamber. Each 

design is posftion dependent. 

Figure 1 is a sketch of possible 

Figures LA and LB show one bellows per c e l l  w i t h  in ternal  or external 

Figure lD shows t h e  bellows replaced by heat 

All devices operate i n  

Bellows a re  available now a t  reasonable 
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prices  only i n  cylindrical  designs and would be inef f ic ien t  i n  rectangular 

cavities.  The p l a s t i c  pillows have varying permeabilities t o  gases 

encountered i n  sealed ce l l s ,  yet  have ideally high values of AV/V. 

Each approach has i t s  own s e t  of engineering problems. 

2.1.6 T e s t  Cell With Pol- P '  . - To determine the feasi- 

b i l i t y  of the sealed pillow air  cavity as a simple subst i tute  f o r  a 

bellows, a 4.0 AH nickel-cadmium c e l l  was equipped with two pillows 

fabricated by heat sealing two sheets of 4 m i l  stock polyethylene. 

ideal  gas l a w  was used t o  calculate the volume of air  t o  be sealed i n  

each pillow so tha t  under an absolute pressure change of 0.33 atm t o  4.4 

a t m  t h e  t e s t  p la te  pack would change from a well drained t o  a flooded 

condition . 

The 

Table TJ summarizes the observed variation i n  c e l l  e lectrolyte  level 

as  the cell pressure was changed with an outside vacuum pump or a i r  

pressure source. 

layer of 116 x 116 mesh nylon cloth was used as the interplate  separator. 

Drainage kept pace w i t h  pressure changes when a single 

When a similar c e l l  w . i t h  a double layer of nylon cloth separation 

w a s  dischargecl, the c e l l  pressure adjusted t o  0-1 a t m ,  w i t h  a vacuum pump 

and then charged in the sealed condition into overcharge, the electrolyte  

leve l  w a s  observed t o  drop from 74% of p l a t e  height to  bebw the bottom 

of the plates  as  expected, The charge was interrupted a t  an absolute 

ce l l  pressure of 1.2 atm t o  observe the r a t e  of decay of pressure by 

recombination reactions, After an open-circuit stand of 29 hours the 

recornbination was still incomplete with the electrolyte  leve l  remaining 

3% below the i n i t i a l  l eve l  of 74% pla te  height, 
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A continuation of C/ lO  overcharge for  15.5 hours raised the cell 

absolute pressure t o  3.2 atm and dropped the electrolyte  leve l  below pla te  

bottoms again. 

t h e  c e l l  pressure had subsided to  the t r i n i t i a ln  condition of 0.1 atm and 

the  electrolyte  level returned t o  its maximum height of 74% pla te  immersion. 

Recharge a t  the  C A O  r a t e  a f t e r  discharge a t  the C/2 r a t e  again lowered 

the c e l l  e lectrolyte  leve l  from 74% pla te  immersion t o  zero percent 

immersion. The gressure change required was an increase i n  pressure f r o m  

0.1 atm to 1.24 atm, whi.ch compares favorably with the +AP value of 1.10 

atm observed on the ini t ia l  charge. 

Table V I ,  

After a second open-circuit period of  120 hours duration, 

The data observed are  summarized i n  

The preliminary observations thus indicate t h a t  spontaneous pressure 

changes -in a sealed M-Cd c e l l  can influence electrolyte  leve l  i n  the same 

manner t h a t  manually controlled pressure changes i n  the  c e l l  do. 

experiment confirmed the feas ib i l i ty  of bellows operation i n  a long duration 

o rb i t  and demonstrated the improved volume efficiency of the p l a s t i c  

pil.low over the metal bellows. 

4 to 6 cc i n  t h i s  cell.  The f u l l y  expanded pillow volume was 23 cc, giving 

a calculated A V/V of 0.14 which is approximately twice the volume efficiency 

of the best  metal bellows found t o  date. 

T h i s  

The fu l ly  compressed pillow volume was 

ThSs experiment also confirmed tha t  bellows operation in the normal 

s a t e l l i t e  o rb i t  of 90 rrckn_utes w i l l  be d i f f i c u l t  because the restoration 

of l o w  pressures does not occur promptly. 

slowly because of excessive wetting of the negative plates.  

Reconhination occurs much too 

- 8 -  
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analyzed oxygen consumption ra tes  on open- 
(7) L8) (9) 

Thomas and others 

c i r cu i t  and found tha t  pressure decay is  governed by the expression: 

I n  p0 = R T A S D  . t 
P V 6  

where R i s  the gas constant, T the  absolute temperature, A the  effect ive 

negative p l a t e  surface area available f o r  O2 consumption, S the  so lubi l i ty  

of 0 i n  the ce l l  e lectrolyte  a t  one atmosphere 02 p a r t i a l  pressure, D the  

diffusion coeff ic ient ,  V the  gas volume i n  the ce l l ,&the  effect ive thick- 

ness of the  diffusion layer ,  and t the time elapsed between the i n i t i a l  

2 

high pressure Po and the f i n a l  pressure P. 

To improve recombination rates the above expression predicts  success 

fo r  four approaches: 

a. Increase negative plate  area A available f o r  

recombination; 

b. Increase the solubi l i ty  of O2 i n  e lectrolyte  by 

decreasing the  concentration of e lectrolyte;  

c. Decrease 

the free 

d. Decrease 

the  volume of O2 i n  the c e l l  by decreasing 

space around and above the  c e l l  pack; and 

the  effect ive thickness of the layer  of 

e lectrolyte  on the  negative plate ,  

Quantitatively, the effect of decreasing the  concentration of KOH from 

31% t o  25% would be t o  approximately double the O2 so lubi l i ty  and the  

recombination rate. A hundredfold increase i n  recombination r a t e  is needed 

t o  make bellows operations feasible  i n  a 90 minute orb i t  cycling routine. 

A decrease i n  gas volume V coupledwith a major change i n  e lectrolyte  content 

per ce l l  and a w e l l  selected absorber separator material are m o s t  l i ke ly  t o  
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create a combined order of magnitude increase in O2 recombination. 

2.1-7 S i x  Ampere-Hsur  T e s t  Cells, - To test the predictions of 

recombination theory, a g r o q  of f i f teen  6-ampere-hour test cells w i l l  be 

constructed duri.ng the next quarter. Sintered plates  0.050" thick have 

been manufactured at the Nickel-Alkaline Battery Division, West Orange, 

Nay Jersey, and w e r e  shipped t o  MED during September 1964. 

i l l u s t r a t e s  the arrangement of the six positive-seven negative p la te  pack. 

Each c e l l  w i l l  be assembled with a pressure gauge and a safety pressure 

r e l i e f  valve i n  prefabricated Lucite jars w i t h  the designated t e s t  bellows 

design. 

Figure 2 

3, Feas ib i l i ty  of a Bellows Controlled Electrolyte Level in Sealed 

CdJXOWrn and zn/KDWW Cells. - 
3.1 Introduction. - Compared t o  the c e l l  system Cd/KOH/NiOOH which 

has no semi-permeable membrane, the c e l l  systems s i lve r  oxfde-cadmium 

and s i l v e r  oxide-zinc require a semi-permeable membrane t o  f i l t e r  out 

and t o  react  with suspended or  dissolved silver-oxides which can dis- 

charge the negative electrode chemically. In  addition, the semi- 

permeable membrane must prevent zinc dendrites or cadmfwn mss from 

and posit ive plates  on charge and creating growing between negative 

c e l l  e l ec t r i ca l  shorts. 

The inclusion of the 

by osmotic e f fec ts  a new 

The change 31 hydroxide 

semi-permeable membrane i n  the 

cause for the rise and f a l l  of 

c e l l  design creates 

electrolyte  level,  

on and water concentration in -he posit ive and 

negative p la te  compartments and the direct ion of e lectrolyte  leve l  change 

are  detailed i n  Table V I 1  f o r  charge and discharge conditions i n  the 

three electrochemicd systems. 
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The osmotic effects  i n  ce l l s  with cellophane create a s ignif icant  

r i s e  i n  e lectrolyte  leve l  i n  the negative p la te  compartment on charge and 

a corresponding decrease i n  leve l  i n  the posit ive p la te  compartment. The 

e f f ec t  on continuous cycling is t o  make the c e l l  posit ive p la tes  d i s t inc t ly  

e lectrolyte  limited on charge. I n  silver-cadmium ce l l s ,  an inverse wrap 

should change charge l imited c e l l s  t o  discharge limited ce l l s  and should 

improve performance characterist ics i n  orb i t s  where charging the c e l l  is 

the more d i f f i c u l t  operation. 

The introduction of a bellows device i n  a Ag-Cd o r  Ag-Zn c e l l  w i l l  be 

more complicated because of t h e  osmotic effect .  

3.2 Normal Variation of Electrolvte Level  i n  ApCd C e l l s .  - To obtain 

a measure of t h e  normal fluctuation of e lectrolyte  during charging and 

discharge, 1 2  sealed ESB SSC-15 Ag-Cd ce l l s  w e r e  charged a t  a constant 

current of 0.70 amps (10 d i n 2 )  t o  a voltage cutoff of 1.55 vol t s  f o r  the 

l imit ing c e l l  of twelve. 

t h e  top of the p la tes  during the 18 hour charge. 

var ia t ion in electrolyte  leve l  from the 7096 f u l l y  discharged s t a t e  t o  the 

f u l l y  charged s t a t e  and t h e  e f fec t  of the  separator system, 

the semi-permeable membrane .in "u" fold wrap on the posit ive plates.  

net  e lectrolyte  leve l  changes during charge are  given i n  Table VPII. 

Electrolyte levels  were observed i n  inches from 

Figure 3 shows the average 

A l l  c e l l s  had 

The 

The ce l l s  were then discharged a t  t h e  7.5 ampere r a t e  t o  0.6 V, 

delivering 16.9 AH. 

a f t e r ,  e lectrolyte  levels  were monitored. The electrolyte  leve l  changes 

during discharge and the net change observed 6 hours l a t e r  are  tabulated 

i n  Table VIII. 

During the 2.25 hour discharge and for  6 hours there- 

- 11 - 



Electrolyte levels  do f a l l  during discharge and r i s e  during charge, 

but the degree is dependent upon the separator system and the method 

of wrap. Level changes occurring through fibrous sausage casing a re  

l e s s  than expected because back f l o w  t o  counteract concentration changes 

created during discharge almost keeps pace with the discharge. 

changes through cellophane occur almost exponentially with discharge 

time and are pa r t i a l ly  corrected over a 6 hour period after discharge 

i s  terminated, 

must account f o r  the r i s e  and f a l l  of e lectrolyte  due t o  osmotic 

effects  created by changing KOH and water concentrations during charge 

and discharge. 

Level 

Any bellows design to  be incorporated in Ag-Cd cells 

3.3 Proposed D e s i g n  f o r  An-Cd Cells with Bellows. - Data a t  MBD 

has shown tha t  Ag-Cd cells must operate with much more electrolyte  

per cell  than required for  nickel-cadmium cel ls .  CQnt.inu.ing hydrolysis 

of the cel lulosic  semi-permeable mendmanes consumes electrolyte  t o  the 

extent t ha t  a c e l l  marginal i n  electrolyte content when a cycling 

routine is in i t i a t ed  w i l l  become defini te ly  e l  ec1-rolyte l.-Em.ited during 

cycle l ife.  

Semi-permeable membranes effectively stop the  macro transfer of 

O2 gas from posit ive to  negative plates through pores i n  the separator 

system except for a portion of the oxygen dissolved i n  the electrolyte.  

The need f o r  a very dry s t a t e  i n  the c e l l  does not ex is t  provided 

the recombination of O2 generated a t  the Ago pla tes  during overcharge 

can be consumed by oxygen electrodes. ESB, therefore, proposes (1Q) 

- 12 - 



t ha t  the Ag-Cd bellows t e s t  c e l l s  t o  be fabricated on t h i s  contract 

u t i l i z e  ESB oxygen electrodes connected t o  the main negative plates  

a s  the means fo r  creating the  rapid-0 recombination essent ia l  t o  

feasible  bellows operation. 

m e t a l  bellows o r  p l a s t i c  pillows w i l l  be manufactured during the 

next quarter , 

2 
The f i r s t  cells of t h i s  type using 

An al ternate  recombination technique is being investigated by 
(11) Charkey and Dalin . Progress on Contract NAS5-3452 w i l l  be 

watched closely f o r  possible application of reconhination techniques 

other than oxygen electrodes t o  bellows cel ls ,  

4, New Technolow. - The proposed substi tution of p l a s t i c  pillows 

for  metal bellows in sealed cells t o  control e lectrolyte  levels  is 

believed t o  be new technology, Fabrication of the pillows fol lows 

standard heat sealing procedures common i n  the p l a s t i c s  industry. 

5. Program fo r  Yext Quarter, - 
5.1 Task 1. - Fabricate f i f teen 6-ampere-hour Ni-Cd sealed t e s t  

c e l l s  .in Lucite jars w i t h  pressure gauges and modifications of bellows, 

p l a s t i c  pillows, and c e l l  pack separator systems t o  i n i t i a t e  cycling 

t e s t s  on realistic s a t e l l i t e  orbits,  

5 - 2  Task 2. - Design and fabricate s i x  12-ampere-hour sealed 

Ag-Cd t e s t  ce l l s  w i t h  oxygen electrodes t o  increase reconhination 

r a t e s  and p l a s t i c  pillows as electrolyte control devices for cycling 

t e s t s  t o  demonstrate f eas ib i l i t y  of bellows idea i n  the Cd/KOWAgO 

system. 

- 1 3  - 



5.3 Task 3. - Select and procure o p t i m  metal bellows w i t h  

self-contained pressure actuated e lec t r ica l  switch for  ins ta l la t ion  

i n  a sealed Ni-Cd c e l l  t o  terminate overcharge a t  a preset  high 

c e l l  pressure and t o  turn on charger as  soon as c e l l  pressure has 

dropped to  a preset  value, 

6, Conclusions and Recommendations, - 
6.1 Control of e lectrolyte  level i n  sealed 4.0 AH sintered 

p la te  M i - C d  cells by pa r t i a l ly  inflated sealed p l a s t i c  pillows has 

been demonstrated. 

6.2 The p l a s t i c  pillows, essentially a bellows device, a r e  

compressed during the high c e l l  pressures created during overcharge, 

allowing the  e lectrolyte  level i n  the c e l l  t o  f a l l  below the bottom 

of the plates,  

gas pressures during discharge and on open-circuit by increasing 

recombination rates,  

p l a s t i c  pillows expand forcing electrolyte back into the cell  

pack. 

The increased exposed negative p la te  area reduces 

A high electrolyte leve l  is restored as  the 

6 . 3  A survey of commercially available metal bellows was made 

fo r  *he sealed c e l l  application. At t h i s  time p la s t i c  pillows appear 

t o  o f f e r  the same AV volume change desired in one-half the ins ta l led  

volume required fo r  metal bellows. 

6.4 A prime problem area w i l l  be the selection of separator and 

electrolyte  volume which w i l l  not over-wet negative p la tes  even 

when the p l a t e  pack is  fu l ly  drained and thus prevent rapid recombination 
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during discharge, open-circuit, and the early portions of recharge. 

6.5  Preliminary c e l l  tests on sealed Ag-Cd ce l l s  have shown a 

rise i n  e lectrolyte  level  i n  t h e  negative p l a t e  compartment during 

charge, a f a l l  during discharge, and the opposite leve l  changes i n  

posi t ive p la te  compartments, probably the r e su l t  of osmotic pressures 

created across the semi-permeable cellophane separator menibrane by 

concentration changes. 

required to  counteract such osmotic effects.  

Bellows designs i n  Ag-Cd c e l l s  w i l l  be 

- $5 - 
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FIGURE 1 

TYPICAL BELLOWS INSTALLATIONS I N  SEALED CELLS 
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Figure 3 

ELECTROLYTE LEVEL VARIATION 
DURING CHARGE OF SEALED 15 AH 

Ag-Cd CELLS 

- Code Separator Svster ,  
0-0 3 t  FSC, 1L Webril 

@-e 2L FSC, 1L Webril 
El-El 5L 193 PUDO, 1L Webril  

P l a t e  S i z e  4.25" x 2.0" 

I 
I I 

0 4 8 12 1 6  20 
4- 
20 

Charge T i m e  - Hours 
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TABLE I 

EFFECT OF ELECTROLYTE CONTENT 
ON 2-HOUR RATE CAPACITY 

OF SINTERED PLATE NICKEL CARMIUM CELL 
WITH MICROPOROUS WC SEPARATORS 

Rated Capacity = 4 AH 

Element Composition = 4 posi t ive plates  @ 1-3/4" X 3-1/4" X .050" 

5 negative plates  @ 1-3/4" X 3-1/4" X .050" 

8 separators = Pormax [microporous sheet) 

2 X 3-1/2" X -012" 

Test Condition: 

Charge: t o  1.W: a t  C/10 [Input = 5.6 AH) [Charge 14 hrs. a t  400 ITA) 

Open Circui t  Stand: 1 t o  3 hours 

Discharge: a t  C/2 t o  1.00 V [2 amp) 

Electrolyte Composition: 3 s  KOH 

Test 

r-1 i 

bcd.-L 11 Drain 
No. 39 G r a m s *  

1 4.62 4.58 
4.68 

3.60 Average: 
4.16 

2 4.22 4-08 
4. 32 

Drain Level Level P la te  Top 
42 Grams 58 Grams 63 Grams 77 G r a m s  

II II II I 
4.20 Average: 4.20 Average: 4.14 Average: 
4.44 4.44 4.34 
4.56 4-40 4.32 4.24 4-50 

3.6Q Average: 3.64 Average: 3.46 Average: 
3-70 3-70 3.74 
3.88 3-73 3.67 3.60 3.80 

Y I I  I 1  1 

(e) 26.5% of weight of  dry element. 

- 21 - 



TABLE I1 

Capillary 
Property 

1. Dry and Wet 
Thickness 

2. Absorbency 
2.1 By Weight 

2.2 By Volume 

3. Wicking Height 
A t  1 "g" at 

Times: 1.5 hrs. 
7.0 

16.0 
35.0 

RELATrvE CAPILLARY PROPERTIES 
OF SEPARATOR MATERIALS 

Unit 

mils 

grams 33% KDH 
gram dry separato: 

Fd31% KOH 
in -mil w e t  
separator 

inches 

Plas t ic  
Screen 

18x14 Mesh 

1 9  

-003 

. 0 1  

0 

- 22 - 

Mater 
Nylon 
Cloth 

116x116 Mesh 

3.5 

1.1-1.4 

3.0-4.0 

0 

31s Tested 
Po- 

PVC 
Yicroporous 

10 

3.5-3.8 

13-15 

0.5 
0.8 
1.0 
1.. 5 

Pellon 
2506K 
F e l t  

11-13 

I. 4-5.6 

14-15 

4.1 
5.8 
6.8 
7.0 



TABLE I11 

SEPARATOR DRAIN TESTS 

Sepa ra to r  
Material 

Pormax 

Pormax + F.i.l.ament 

9XX Nylon (2 l a y e r s )  

9XX Nylon (2 l a y e r s )  
+ Filament  

G l a s s - P l a s t i c  Screen- 
Long Axis Vertical 

G l a s s - P l a s t i c  Screen- 
Long Axis HDrizontal 

Saran Screen-Loops 
Vertical  

Saran Screen-Loops 
Horizontal 

Polye thylene  Net 

Dry 
Fh i cknes s 

( m i l s )  

12 

23.5 

7 

1 8  

1.9 

19 

17.5 

17.5 

43 

E l e c t r o l y t e  Loss and Retenti .on A f t e r  2 Minutes 
Simple D r a i i  

Loss 
Weight 

% of Or ig ina l  
Flooded V o l ,  * 

0 

47.5% 

40.5% 

72.8% 

63.7% 

69.8% 

69.4% 

66.7% 

91.3% 

2 cc/ in  

0 

0.163 

0,078 

0.320 

0.193 

0.207 

0.260 

13.234 

0,731 

Reten t ion  

2 cc/ in  

0.136 

0,180 

0.115 

0.119 

0.110 

0.090 

0.115 

0.117 

0.069 

(e) T e s t  Procedure: (a) Mount 1.0" x 3.5" sample spec%rnen (one l a y e r )  
between L u c i t e  plates. 

(b) S a t u r a t e  i n  h o r i z o n t a l  pos i~ t i . on  wi th  31% KOH. 

(c) E r e c t  assembly q u i c k l y  t o  v e r t i c a l  p o s i t i o n  and 
d r a i n  for 2 .I 0 minutes.  

(d) Weigh d ra ined  assembly and compare t o  s a t u r a t e d  
wei.ght b e f o r e  d r a i n .  
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TABLE N 

CHARACTERISTICS AND ESTIMATED PERFORMANCE 
OF COMMERCIAL MET& BELLOWS 

Supplier 

Metal Bellows Corp., 
Sharon, Mass, 

National Bellows Co. 
Stratford,  Conn. 
@iv. of Van Allen- 
Andrews. Inc.1 

Rob er tshaw-Ful ton 

Knoxville, Tern. 
Controls co., 

Servsmeter Corp., 
Clifton, N, J. 

Bellows Description 

Welded diaphragm types avail-  
able in four basic contours:: 
F l a t  p la te ,  nesting ripple,  
single sweep and torus; botl 
"off-the-shelf" and special 
types are  supplied. Material: 
s ta in less  s teels ,  
Nesting r ipple  contour off-  
the-shelf bellows type 347 
stainless s teel .  

P/N A-20115 mdi f i ed  for 
action f r o m  nested state.  

Calc'd nesting ripple bellow! 
of  AM350 s t e e l  for action 
from completely nested s t a t e ,  

Welded diaphragm f l a t  p l a t e  
type i n  s ta in less  steel .  
1200 standard bellows are  
l i s t e d  i n  ca-t-alog. 

Hydraulically formed single 
ply s ta in less  s t e e l  bellows. 

Miniature nickel bellows of 
electrodeposited type. No. 
stock bellows. M a x ,  length 
3 1/2". 
Rectangular shapes can be 
made. 0;D; Range: 

Bellows calc. from l i s t ed  
data 

0.063 t o  1.25" 

Bellows calc. from l i s t ed  
data 

Bellows calc, from l i s t ed  
data 

Bellows Characterist ics 

Type 

A-20115 

Mod. 

Calc'd 

P/N 
3 401 

Ref 
#358 

MU. 
PSI 
For 
Max, 
Stroke 

3 4  

134 

77 

,V/t/" 

0.278 

0.312 

0,364 

0.237 

Q,217 

-- 

0,247 

0,125 

0.174 
D__ 

,ength*d 
hches 

4.14 

3,69 

3-36 

5.15 

5.48 

4.97 

9.76 

7-86 

Remarks 

ompres- 
ion  

xtensio; 

xtensio: 

'ompres- 
ion 

rompres- 
ion 

:ompres - 
,ion 

:ompres- 
i ion 
:amp res  - 
)ion 

(e) 
(**) 

Maximum volume change per square chamber volume, 
Length of 1" diameter bellows fo r  a 20 cc volume change. 
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TABLE IV 

CHARACTERISTICS AND ESTIMATED PERFORMANCE 
OF COMMERCIAL METAL BELLOWS 

(Continued) 

Supplier 

Miniflex Corporation, 
Lawndale, C a l i f .  

Meller Product6 Co., 
Hanover , N. J. 

U.S. Flexible Tubing 
Co., Bar t le t t ,  Ill. 

B.F. Goodrich Co., 
Aerospace and Defense 
Products Div. 
Akron, Ohio 

Bellows Description 

Miniature s ta in less  s t e e l  
bellows, on the shelf i t e m ,  
O.D. Range: 0.226 t o  1.270 

Welded diaphragm nickel 
and s ta in less  s t e e l  bel3ous 
i n  four contours including 
"nesting types" . 

Stainless  s t e e l  bellows 

Omega design seamless 
bellows, No stock i t e m s .  
Hydraulic and mechanical 
processes, 0.  D. range : 
1N' t o  1 l/2" 
Stainless  s t e e l  bellows- 
switch ass'y B:F;G: 
Dwg. C3KJ-060 

Bellows I 
Type IAVn 

SS-750- 0.144 
65-97 

BEB-160- 0.110 
7500 

BEB-l6Q- 0.012 
6103 

1/2 X 0.160 
3/4 

3K-1060 0.037 

:harac 
,ength 
:riches 

8.29 

- 

11.1 

98.6 

11.6 

32.8 

e r i s t i c s  

Remarks 

Compress ion 

Compressior 

Compress ior 

CompressioI 

A bellows 
ass y h u s  
the  .wit131 
w i l l .  s h w  
imp r ov  ed 
values.  

? 
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TABLE V 

V a c  

10" H g  
V a c  

4" H g  
V a c  

0 

1 5  PSIG 

30 PSIG 

45 PSIG 

50 PSIG 

ELECTROLYTE LEVEL VARIATION I N  4 AH Nf-Cd CELL 
CONTAINING POLYETHYLENE PILLOWS WITH EXTERNALLY 

IMPOSED PRESSURE CHANGES 

9.8 PSI 5 1  37.8 -- -- 2 3 .  72.0 

12.7 PSI 63 23.2 -e -- 33 59.8 

14.7 PSI 69 15 .9  53 35.4 40 51.2 

29.7 PSI 8 7  5 m  Below 76 7.3 59 28.1 
Bottoms 

44.7 PSI 88 6mm Below 82 Exac t ly  64 22.0 
Bottoms a t  P l a t e  

B o t t o m s  

59.7 PSI 89 7 m  B e l o w  8 7  5 m  Below 67 18.3 
Bottoms B o t t o m s  

64.7 PSI 90 8mm Below 88 6mm Be low 68 1 7 . 1  
Bottoms B o t t o m s  

(*) Separa to r :  S i n g l e  l a y e r  of 9XX nylon  c l o t h .  
E l e c t r o l y t e :  31% KOH. 
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TABLE V I  

EJ.EC31"ROLYTE I&XEL VARIATION DURING CHARGE AMJ OPEN-CIRCUIT 
QF 4 A;H; CELL WITH DOUBGE IfYLON CLOTH SEPARATORS AND PILLOWS 

C e l l  
Function 

Qpen-Circuit 

C/lO Charge 

Open-Cir c u i t  

Continued 
C A O  hercharge 

Open- C ir cui t 

C , A O  Charge afte:  
discharge a. 
the C/2 Rat1 

T h e  
Elapsed 

Hrs 0 

Start 

9*5 
10.5 
11.0 
14.0 

2 
3-2 
4 
5 

22.7 
29 

15-5 

o o 3  
0.5 

1 
2 
_? 

4- 8 
6 

l Q - 5  
116.5 
20.5 

23 
120 

0 0 7  

11,3 
12.1  
1 2 - 5  
13-0 
14.0 

C e l l  
Pressure-Aim 

0-06 

0-47 
0-60 
0.67 
1-20 

8-83  
0.63 
0.53 
8-4.3 
0-13 
0.1.l 

3-18 

3. OQ 
2-90 
2-80 
2-53 
1-95 
1.54 
9,QO 
0-82 
0. 'to 
0-26 
0-23 
8.28 
0,06 

1. QO 
1.24 
1 . 3 7  
1, ti5 
1,95  

Electrolvtc 
Distance Below 

Plate  Tops m 

62 
68 
69 

74  
70 
64 
59 
26 

Below Bottoms 

Below Bottoms 
Below Bottoms 
Below Bot tom6 
Below Bottoms 
Below B o t t o m s  
B eLow Bot t o m s  -- 

I- 

-- 
39 
21 

79 
82 
83 
84 -- 

Level 
96 

Imersion 
74. 4 

24.4 
17-1 
15,9 

9.8 
14.6 
22.0 
28.0 
68.3 
70.8 

0 

-- 

-- 
52.5 
74,4 

3.7 
R t  B o t t o m s  
Below Bottom: 
Below Bo ttoms 
Below Bottoms 

- 2 9  - 



TABLE V I 1  

Net Change i n  El  
Pos it ive 

CONCENTRATION AND LEVEL CHANGES I N  ELECTROLYTE 
DURING CHARGE AND DISCHARGE* 

c t rolyte  Level 
Negative 

Reaction i n  Posit ive 
Plate Compartment 

Durfing Charge 
System: Cd/KO"NiOOH 
On Nickelic Oxide Plates: 

2 t 206 -> 
2 NiOOH t 2H20 -+ 2e 

- -  
kH-1 f a l l s  during charge. - 

kOH] r i s e s  during charge. 

System: Cd/KOH/AgO 
On 4no Plates : 

Ago + H20 + 2e  

f a l l s  during charge. 

r i s e s  during charge, 
& 

W g  i- 20H- > 
Ago + H20 -k 2e 

F H I  f a l l s  during charge. 

r i s e s  during charge- 

Reaction i n  Negative 
Plate Compartment 

During Charge 

On Cadmium Plates: 

CdO -t H20 t 2e --> 
Cd t 20E 

** 

On Cadmium Plates: 

CdO + H20 t 2e + 
M 

Cd t- 20H- 

rises during 
charge, 

@OH] fa l ls  during 
charge, 

D n  Zinc Plates: 

ZnO t H20 + 2e 

Zn + 20H- 

!HI r i s e s  during 
- charge. 
WOd falls  during 

charge, 
- _. 

Compartment 

No change, 

No membrane 
t o  create 
osmotic 
effect .  

Membrane 
present- 

Water trans- 
ferred out ,  
Electrolyte 
leve l  f a l l s .  

Mesrbrane 
pres ent 

Water trans- 
ferred out. 
Electrolyte 
leve l  falls. 

Compartment 

No change. 

No membrane 
t o  create 
osmotic 
effect ,  

Membrane 
present, 

Water trans- 
ferred in, 
Electrolyte 
leve l  rises. 

Membrane 
present . 

Water trans- 
ferred in. 
Electrolyte 
leve l  rises. 

(*) 
(""1 

A l l  processes shown are  reversed during discharge. 
Cd {OH)2 is a preferred reactant,  Reaction writ ten to show consumption 
of H20. 
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TABLE V I 1 1  

ELECTROLYTE LEVEL CHANGES I N  SEALED Ag-Cd CELLS 
DURING CHARGE AND DISCHARGE 

Semi-permeable 
Operation Membrane 

Charge a f t e r  700A 2L FSC 

Discharge a t  31; FSC 
@/2Q Rate 

SL 193 PUDO 

Discharge 

R a t e  
at c /2  

2L FSC 

3L FSC 

5L 193 PUDO 

Mean 
Thickness, Inches Electrolyte 

Drv Wet Level Change, Inches 

.006 ,0156 0.22* 

= 009 0234 0.39 

.0045 .0149 0.35 

Mean Electrolyte Le1 
During 2.25 
Hour Discharge 

-0.25 

-0.11 

-1.60 

1 Change, Inches 
Net Change 

After 6 Hrs. Stand 

-0.17 

-0.15 

-0.51 

(*) Mean value of 3 c e l l s  each containing fibrous sausage casing and 6 
c e l l s  containing 5L 193 PUDO cellophane, 
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